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(54) PROCESS FOR THE PREPARATION OF EPSILON-CAPROLACTAM 

(57) The present invention provides a method for 
producing e-caprolactam, which comprises subjecting 
cyclohexene to a hydration reaction to obtain cyclohex- 
anol, subjecting the cyclohexanoj to a dehydrogenation 
reaction to obtain cyclohexanone, subjecting the 
cyclohexanone to an oxime-forming reaction to obtain 
cyclohexanone oxime, and subjecting the cyclohex- 
anone oxime to a Beclmiann rean^angement reaction to 
obtain e-caprolactam, wherein methylcyclopentanones 
contained in the cyclohexanone subjected to the oxime- 
forming reaction are controlled to be not more than 400 
ppm. ....... 

According to the present invention, it is possible to 
produce c-caprolactam having a quality not inferior to 
conventional quality at a low cost. 
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Description 

TECHNICAL FIELD 

The present invention relates to a method for producing e-caprolactam from cyclohexene as the starting material. 
More particularly, it relates to a method for producing e-caprolactam, which comprises subjecting cyclohexene to a 
hydration reaction to cyclohexanol. subjecting the cyclohexanol to a dehydrogenation reaction to obtain cydohexanone, 
subjecting the cydohexanone to an oxime-forming reaction to obtain cydohexanone oxime and finally subjecting the 
cydohexanone oxime to a BecKmann rearrangement reaction to obtain e-caprolactam. 

PACKGRQUNPART 

£-Caprolactam has been produced mainly by converting cydohexanone to an oxime, and subjecting the formed 
cydohexanone oxime to a Beckmann rearrangement. The cydohexanone oxime is usually produced by reacting 
. cydohexanone with hydroxylamine. 

Heretofore, for the production of cydohexanone which is useful for produdng e-caprolactam, it has been most com- 
mon to employ a method which conprises oxidizing cyclohexene with molecular oxygen to obtain a mixture of cyclohex- 
anol and cydohexanone, separating cyclohexanol and cydohexanone by distillation and converting the separated 
cydohexanol to cydohexanone by a dehydrogenation reaction, as an industrially practiced method. Also known is a 
method wherein phenol is subjected to hydrogenation and dehydrogenation to obtain cydohexanone. 

On the other hand, an attention has been drawn in recent years to a method of hydrating cyclohexene in the pres- 
ence of a solid catalyst, particularly a zeolite catalyst, as a method for produdng cydohexanol on an industrial scale. 
Many reports have been made on such a method since about 1965, but a production on an industrial scale has only 
recently been realized (Chemical Economy, 1993 March issue, p. 40-45). 

DISCLQgURE QF THE INVENTION 

The method for producing cyclohexanol by hydrating cyclohexene is an advantageous method from the viewpoint 
of produdion costs and is one of prefenred methods for producing cyclohexanol. Accordingly, it is considered to be 
industrially advantageous rf the cydohexanol produced by such a method can be utilized as the starting material for the 
production of e-caprolactam. 

Under these circumstances, the present inventors have conducted a study on the possibility of produdng e-capro- 
lactam by using the cyclohexanol obtained by such a method and as a result. It has been found that as is different from 
e-caprolactam produced from cydohexanol obtained by other methods, there is a problem specific to such a method 
with respect to the quality. 

Usually, to produce e-caprolactam by using the cyclohexanol obtained by the hydration reaction of cyclohexene. as 
the starting material, many steps are required, and various by-products will form, whereby it is very difficult to judge 
which by-products at which production steps should be particularly taken into accounts. 

Tlie present inventors have conducted extensive studies on the above problem and as a result, have found it pos- 
sible to solve the problem by controlling specifically the amount of certain specific impurities in the cydohexanone as 
the starting material in the oxime-forming reaction step in the production of e-caprolactam using cydohexene as the 
starting material. The present invention hais been accomplished on the basis of this discovery. 

That is, the present invention provides a method for produdng e-caprolactam. which comprises subjecting 
cydohexene to a hydration reaction to obtain cyclohexanol. subjecting the cyclohexanol to a dehydrogenation reaction 
to obtain cydohexanone, subjecting the cydohexanone to an oxime-forming reaction to obtain cydohexanone oxime, 
and subjecting the cydohexanone oxime to a Beckmann rearrangement reaction to obtain e-caprolactam, wherein 
methylcyclopentanones contained in the cydohexanone subjected to the oxime-forming reaction are controlled to be 
not more than 400 ppm. 

Now, the present invention will be described in detail. 

In the method of the present invention, firstly, cyclohexene and water are reacted to obtain cydohexanol. The 
hydration reaction of cyclohexene is usually carried out by means of a solid acid catalyst, sulfuric add, hydrochloric 
acid, phosphoric add, an aromatic sulfonic acid or the like, as the catalyst. It is particularly preferred to employ a solid 
acid catalyst. As the solid acid catalyst, a zeolite or an ion exchange resin may. for example, usually be mentioned. A 
zeolite is particularly preferred. As such a zeolite, various zeolites such as crystalline aluminosilicate. aluminometallo- 
sillcate and metallosilicate, may be used. Particularly preferred is a pentacyl-type aluminosilicate or metallosilicate. The 
metal contained in the metallosilicate may, for example, be a metal element such as titanium, gallium, iron, chromium, 
zirconium or hafnium. Among them, gallium is particularly preferred. 

The hydration reaction is canied out by a conventional method such as a fluidized bed system, a agitation batch 
system or a continuous system. In the case of a continuous system, either a catalyst-packed continuous flow system or 
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an agitation tank flow system msy be employed. The temperature for the reaction is preferably low from the viewpoint 
of the equilibrium in the hydration reaction of cyclohexene or the prevention of side reactions and high from the view- 
point of the reaction rate. The optimum temperature varies also depending upon the nature of the catalyst, but is usually 
selected within a range of from 50 to 250''C, preferably from 80 to aoO'^C. 

The obtained cyclohexanol is subjected to a dehydrogenation reaction to obtain cyclohexanone. The dehydrogen- 
ation reaction of cyclohexanol may be carried out by any conventional method. Usually, it is carried out by heating in the 
presence of a dehydrogenation catalyst usually at a tenrperature of from 150 to 750°C. preferably from 200 to 450''C. 
As the dehydrogenation catalyst, a metal such as nickel, cobalt, platinum, zinc, calcium, chromium or copper, or its 
oxide, may for example, be mentioned. A mixture thereof may also be employed. Preferably, it is a metal oxide catalyst 
such as zinc oxide, calcium oxide, chromium oxide or copper oxide. Further, such a catalyst may be supported on a car- 
rier such as alumina. This reaction is an equilibrium reaction, and the product is obtained in the form of a mixture of 
cyclohexanone and cyclohexanol. Therefore, cyclohexanone and cyclohexanol are separated by e.g. distillation, and 
the separated cyclohexanol is re-used as the starting material for the dehydrogenation reaction. 

The cyclohexanone thus obtained, contains a small amount of methylcyclopentanones, to which no particular 
attention has been paid. These impurities undergo reactions as the lactam-forming reaction proceeds and will be 
changed into substances which can hardly be separated from e-caprolactam. and consequently they will be included in 
the £-caprolactam product and thus impair the product quality. 

Accordingly the method for producing e-caprolactam from cyclohexene as the starting material of the present 
Invention, is characterized in that methylcyclopentanones contained in the cyclohexanone subjected to the oxime-form- 
ing reaction are controlled to be at most 400 ppm. preferably at most 300 ppm, more preferably from 5 to 100 ppm. In 
the present invention, the amount of methylcyclopentanones is the total amount of 2-methylcydopentanone and 3- 
methylcyclopentanone. If the subsequent step is carried out by using cyclohexanone wherein methylcyclopentanones 
exceed 400 ppm, as the starting material, to obtain e-caprolactam. it will be impossible to remove impurities derived 
from methylcyclopentanones, as mentioned above, whereby it will be difficult to obtain e-caprolactam having a satisfac- 
tory product quality From the viewpoint of the product quality of e-caprolactam, the smaller the content of methylcy- 
clopentanones in the cyclohexanone, the better. However, the content of methylcyclopentanones may be set 
appropriately depending upon the balance between the desired product quality of e-caprolactam and the work load 
required for the operation for separating methylcyclopentanones. and it is usually not required to completely remove 
methylcyclopentanones. 

To obtain cyclohexanone wherein methylcyclopentanones are not more than 400 ppm, a method may be employed 
wherein the starting material, the catalyst and the reaction conditions for the dehydrogenation reaction of cyclohexanol 
are strictly controlled so that methylcyclopentanones will be not more than 400 ppm, or a method may be employed 
wherein cyclohexanone obtained by the dehydrogenation reaction, is purified by e.g. distillation. 

Further, methylcyclopentanones are believed to have formed as a result of dehydrogenation of a very small amount 
of methylcyclopetanols formed as by-products by a rean-angement reaction at the time of hydration of cyclohexene to 
obtain cyclohexanol. Accordingly, it is an effective method to preliminarily reduce the amount of methylcyctopentanols 
in the cyclohexanol subjected to the dehydrogenation reaction. Methyicyclopentanols in the cyclohexanol are preferably 
not more than 200 ppm, more preferably not more than 150 ppm. In such a case, the methyicyclopentanols mean the 
total amount of 2-methylcyclopentanol and 3-methylcyclopentanol. 

Further, as the cyclohexanone subjected to the oxime-forming reaction, it is prefen'ed to employ the one wherein 
cyclopentacarboaldehyde is not more than 50 ppm. By using such cyclohexanone, it is possible to obtain e-caprolactam 
of still higher quality. 

Furthermore, in order to obtain caprolactam of a high purity the cyclohexanone subjected to the oxime-forming 
reaction is preferably the one having the content of cyclohexanol as an unreacted starting material reduced usually to 
a level of not more than 1000 ppm, preferably not more than 600 ppm, by e.g. distillation. 

The cyclohexanone wherein methylcyclopentanones are not more than 400 ppm, thus obtained, is subjected to the 
oxime-forming reaction under a known reaction condition to obtain cyclohexanone oxime. The oxime-forming reaction 
is usually carried out by reacting cyclohexanone with hydroxylamine to obtain cyclohexanone oxime. Hydroxylamine is 
an unstable compound by itself. Therefore, it is employed usually in the form of a sulfate or nitrate of hydroxylamine. For 
example, cyclohexanone and hydroxylamine sulfate are reacted in an aqueous solution or a non-aqueous solution. The 
oxime-forming reaction is not limited to the reaction with hydroxylamine, and cyclohexanone oxime may be obtained, 
for example, by a method wherein cyclohexanone is reacted with nitrogen monoxide and hydrogen in the presence of 
a platinum group catalyst (U.S. Patent No. 4,929,756) or a method wherein cyclohexanone is reacted with ammonia in 
the presence of hydrogen peroxide (U.S. Patent 4,745,221). 

Then, the above cyclohexanone oxime is subjected to a Beckmann rearrangement by a known method to obtain e- 
caprolactam. For example, it is possible to employ a method wherein the cyclohexanone oxime is subjected to a Beck- 
mann rearrangement in concentrated sulfuric acid or fuming sulfuric acid to obtain e-caprolactam sulfate, which is then 
neutralized with a base such as ammonia, or a method wherein the cyclohexanone oxime is subjected to a Beckmann 
rearrangement in a gas phase or in a liquid phase in the presence of a solid acid catalyst, or a method wherein the 
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Beckmann rearrangement is carried out in a state where the catalyst is uniformly dissolved in a liquid phase. When the 
cyclohexanone oxime is contacted with sulfuric acid or fuming sulfuric acid, the amount of sulfuric acid or fuming sulfuric 
acid relative to the cyclohexanone oxime is usually from 1 .0 to 2.0 by a molar ratio, it is usually preferred to contact the 
cyclohexanone oxime with fuming sulfuric acid. The concentration of free sulfur trioxide in the fuming sulfuric acid is 

5 usually from 1 to 30 wt%. The reaction temperature for the Beckmann rearrangement is usually from 60 to 1 30^C, pref- 
erably from 70 to lOO^C. If the temperature is low, side reactions can be suppressed on one hand, but the viscosity 
increases to make mixing inadequate on the other hand. The suppression of side reactions improves the yield, while 
the inadequate mixing decreases the yield. Accordingly, when the temperature is low, it is advisable to increase the stir- 
ring power. This reaction is an exothermic reaction and thus is usually carried out while removing the heat. Such heat 

to removal may be carried out by circulating the reaction solution externally and/or by providing a jacket having cooling 
water circulated therein. The Beckmann rearrangement can be carried out in one step or in a plurality of steps. Further, 
the reaction solution subjected to the Beckmann rean'angement may be subject^ to heat treatment usually at a tem- 
perature of from 130 to 200^C for from 0.1 to 10 hours to decompose impurities and to improve the product quality. In 
' either method, the resulting e-caprolactam may be purified by distillation or crystallization to obtain a final product. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

Now, the present invention will be described in further detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted by such specific Examples. The quantitative analyses 
20 of methylcydopentanones in the cyclohexanone or methylcydopentanols in the methyl- or cyclohexanol, were carried 
out by gas chromatography employing a capillary column. 

EXAMPLE 1 

25 (1) Hydration reaction of cyclohexene 

Into an autoclave equipped with a stirrer, gallium silicate (atomic ratio of Si02/Ga203 = 50/1) as a catalyst, 15 parts 
by weight of cyclohexene, 30 parts by weight of water, and 1 0 parts by weight of a hydration reaction catalyst were intro- 
duced and reacted in a nitrogen atmosphere at 120''C for one hour to obtain a cyclohexanol mixture. The yield of 
30 cyclohexanol was 1 0.8%. 

(2) Purification of cyclohexanol 

The obtained cyclohexanol mixture was purified by a rectifying tower with 1 0 plates. This purified cyclohexanol con- 
35 tained methylcydopentanols in a total amount of 500 ppm. 

(3) Dehvdroaenation reaction of cyclohexanol 

The purified cyclohexanol was vaporized and supplied to a tubular reactor packed with a copper oxide-chromium 
40 oxide catalyst and set at 250^C under a reaction pressure of 0. 1 7 MPa at GHSV (gas space velocity) of 2.4 hr'** to canry 
out the dehydrogenation reaction. The yield of cyclohexanone was 60%. 

(4) Purification of cyclohexanone . 

45 The obtained rjeaction solution was purified by the following disfillation operation until the purity of cydohexanone 
became at least 99.5%. 

First tower: Low boiling components are removed by batch distillation by a tower with a plate number of 30 plates 
and at a reflux ratio of 20. 

50 Second tower: Purification of cydohexanone is carried out by continuous distillation by a tower with a plate number 
of 40 plates and at a reflux ratio of 1 0. 

Third tower: Purification of cyclohexanone is carried out by batch distillation by.a tower with a plate number of 30 
plates. 



55 



The contents of 2-methylcydopentanone, 3-methylcyctopentanone and cyclopentane carboaldehyde in the above 
purified cydohexanone were 5 ppm. 31 ppm and 5 ppm. respectively. 
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(5) Production of cvdohexanone oxime 

A 45 % hydroxylamine sulfate aqueous solution charged into a jacketed agitation tank, was heated to 85'*C. and the 
purified cyclohexanone was dropwise added. At that time, aqueous ammonia was simultaneously dropwise added, so 
that the pH of the reaction solution became from 4.0 to 4.5. After completion of the dropwise addition of cyclohexanone. 
an excess 45% hydroxylamine sulfate aqueous solution was further added thereto, followed by stirring for 30 minutes, 
to complete the reaction. Then, the reaction solution was left to stand for separation, whereupon the oil phase was col- 
lected as cyclohexanone oxime. Water contained in the cyclohexanone oxime was removed under reduced pressure. 

(fi) Beckmann rearrangement 

The cyclohexanone oxime and 25% fuming sulfuric acid were simultaneously dropwise added to a jacketed agita- 
tion tank, so that the acidity (the weight ratio of the fuming sulfuric acid based on the total amount of the fuming sulfuric 
acid and the cyclohexanone oxime) of the Beckmann rearrangement solution became 57%. the free SO3 concentration 
became 7.5%. and the residence time in the reactor became 1 hour. At that time, in order to suppress local heat gen- 
eration, stirring was carried out at a stirring speed of at least 1 000 rpm. and cooling water was circulated into the jacket 
to maintain the reaction temperature at a level of from 70 to 100^C. 

(7^ SQ3 treatment 

The Beckmann rearrangement solution thus obtained was transfen^ed to a jacketed agitation tank (500 mfl, and 
treated at a treating temperature of from 90 to 125°C for 2 hours while maintaining the SO3 concentration at a level of 
from 7 to 7.5% with stirring at a stining speed of at least 300 rpm to obtain a SO3 treatment solution. 

(8) Post treatment . 

The obtained S63 treatment solution was neutralized with aqueous ammonia. The neiJtralization reaction was car- 
ried out at a neutralization temperature of 70*^C at a pH of from 7.0 to 7.5 by circulating hot water to the jacketed agita- 
tion tank. Then, the neutralized solution was extracted with benzene for three times in total. The extraction was carried 
out by introducing the neutralized solution and benzene into a separating funnel, shaking them for 10 minutes, and then 
leaving them to stand still for 5 minutes, whereupon the oil phase was collected, while the aqueous phase was again 
extracted with benzene. Here, the amount of benzene was adjusted so that the e-caprolactam concentration as a theo- 
retical amount became from 15 to 20 wt%. The extract solutions thus obtained were stirred and mixed at 40*C and then 
left to stand for 30 minutes, whereupon the aqueous phase was again separated. 

A proper amount of sodium hydroxide was added to the obtained e-caprolactam/benzene liquid, and benzene was 
distilled off under reduced pressure to obtain crude e-caprolactam. The distillation was carried out in such a manner that 
the initial fraction of 10 wt%. the main fraction of 80 wt% and the residue of 10 wt% were collected as three portions, 
whereupon the main fraction and the residue (aqueous ammonium sulfate solution) were used for the evaluation of the 
product quality. The results are shown in Table 1 . 

(9^ Method for evaluating the product oualitv of e-caorolactam 

The product quality of the obtained e-caprolactam was evaluated on the basis of the following four standards. The 
obtained results are shown in Table 1 . 

PZ (potassium permanganate value) 

1 g of the e-caprolactam sample was dissolved in 100 mi of water, and 1 m^ of a 0.01 N potassium permanganate 
aqueous solution was added thereto. The mixture was stirred, whereby the time (seconds) until the color became the 
same as the color of the comparative standard solution (3.0 g of cobalt chloride (C0C/2 • 6H2O) and 2.00 g of copper 
sulfate (CUSO4 • 5H2O) were diluted with water to 1 00 mi), was measured. 

PM (amount of consumption of permanganate) 

A solution having 100 g of e-caprolactam dissolved in 150 mi of 8M sulfuric acid, was titrated with a 0.1 N potassium 
permanganate aqueous solution, whereby the amount of consumption off potassium permanganate was measured and 
represented by a unit of mi/kg • e-caprolactam. 
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VB (volatile base) 

50 g of e-caprolactam was dissolved in 400 of a 2N sodium hydroxide aqueous solution, and the solution was 
boiled for one hour, whereby the generated decomposition gas and distilled water are blown Into 500 m^ of deionized 
5 water having 4 mi of a 0.02N sulfuric acid aqueous solution dissolved therein. Then, this deionized water was titrated 
with 0.1 N sodium hydroxide, whereby the reduced amount of sulfuric acid was calculated as ammonia. 

Ammonium sulfate aualitv 

10 The pH of tiie ammonium sulfate aqueous solution was adjusted to 5.2 with 8M sulfuric acid. 5 mi of the adjusted 
sample was diluted to 500 mi, and this diluted solution was put into a quartz cell of 10 mm, and the absorbance at a 
wavelength of 255 nm was measured. Control: Deionized water, ammonium sulfate quality = absorbance x dilution ratio 

EXAMPLE 2 

IS 

■ The operation was earned out in tiie same manner as in Example 1 except tiiat rectification of cyclohexanol in step 
(2) was not carried out, and in the purification step of cyclohexanone in step (4), the distillation condition of the first 
tower was changed so tiiat the total amount of low boiling point components in the cyclohexanone became 0.12% and 
no distillation by tiie third tower was earned out. The results are shown in Table 1 . 
20 Here, the above purified cyclohexanone contained 110 ppm of 2-methylcyclopentanone, 180 ppm of 3-methylcy- 
clopentanone arti 30 ppm of cyciopentane carboaldehyde. 

COMPARATIVE EXAMPLE 1 

25 The operation was carried out in the same manner as in Example 2 except that in the purification step of cyclohex- 
anone in step (4). no distillation by the first tower was can-ied out. The results are shown in Table 2. Here, the above 
purified cyclohexanone contained 210 ppm of 2-methylcyclopetanone. 280 ppm of 3-methylcyciopentanone and 87 
ppm of cyciopentane carboaldehyde. 

30 COMPARATIVE EXAMPLE 2 

The operation was carried out in the same manner as in Example 1 except that using cyclohexanol obtained by oxi- 
dation of cyclohexane, 27% of low boiling point components were removed by distillation purification by a rectifying 
tower of 30 plates at a reflux ratio of 30. and tiie quality of e-caprolactam was evaluated. 
35 The results are shown in Table 2. 

In the purified cyclohexanone, none of 2-methylcyclopetanone. 3-methylcyclopentanone and cyciopentane car- 
boaldehyde was detected. 

COMPARATIVE EXAMPLE 3 

40 

The operation was carried out in tiie same manner as in Example 1 except that using cyclohexanol obtained by oxi- 
. dation of cyclohexane. 12% of low boiling point components were removed by distillation purification by a rectifying 
tower with 30 plates at a reflux ratio of 30, and the quality of e-caprolactam was evaluated. The results are shown in 
Table 2. 

45 Here, in the purified cyclohexanone, none of 2-methylcyclopentanone. 3-metiiylcyclopentanone and cyciopentane 
carboaldehyde was detected. 



50 



55 
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Table 1 





Example 1 


Example 2 


Methylcydopentanones contained in the cydohexanone (ppm) 


36 


290 


Cyclopentane carboaldehyde contained in the cydohexanone (ppm) 


5 


30 


PZ(8ec) 


19800 


14000 


PM (milkg • c-caprolactam • sec) 


3.7 


1.0 


VB(ppm) 


3.0 


3.7 


Ammonium suMb quality 


15 


33 



IS 



Table 2 





Comparative Example 1 


Comparative Example 2 


Comparative Example 3 


Methylcydopentanones contained 
in the cydohexanone (ppm) 


490 


Not detected 


Not detected 


Cydopentane carboaldehyde con- 
tained in the cydohexanone (ppm) 


87 


Not detected 


Not detected 


PZ(sec) 


9500 


18000 


18000 


PM (m//kg • e-caprolactam • sec) 


4.2 






VB(ppm) 


6.2 


3.0 


7.7 


Ammonium sulfate quality 


15 







35 From Tables 1 and 2, it is evident that by using the one wherein methylcydopentanones in the cydohexanone are 
at most 400 ppm, or the one wherein cyclopentane carboaldehyde Is not more than 50 ppm. it is possible to obtain e- 
caprolactam of a high quality, which in turn leads to improvement In the product quality of ammonium sulfate which is 
simultaneously produced as a by-product. 

Such an effect obtained by using a specific cydohexanone having a low content of impurities, is particularly 

40 remarkable when cydohexene is used as the starting material. Further, the ammonium sulfate quality is related to the 
product quality of e-caprolactam. Namely, if the product quality of ammonium sulfate is poor, if an attempt to improve it 
is made, the product quality of e-caprolactam will further deteriorate. In other words, even when the evaluation of the 
quality of e-caprolactam is the same, the quality of e-caprolaclam as a whole will be evaluated to be poor if the ammo- 
nium sulfate quality is poor. 

45 

EXAMPLES 

The operation was carried out in the same manner as in Example 1 except that the purified cyclohexanoi obtained 
in step (2) was further purified to a purity of at least 99.99% by a tower with 30 plates and then subjected to dehydro- 
50 genation, and commercially available 2-methylcyclopentanone and 3-methylcyclopentanone were added in a ratio of 
about 1 :1 to the cydohexanone purified in step (4) so that the total amount became 380 ppm. The results are shown in 
Tables. 

COMPARATIVE EXAMPLE 4 

55 

The operation was carried out in the same manner as in Example 3 except that the concentration of methylcy- 
dopentanones In the cydohexanone was adjusted to 1000 ppm. The results are shown inTable 3. 
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Tables 





ExaniDle 3 


ComDarative Examole 4 


Methylcyclopentanones contained in the cyclohexanone (ppm) 


380 


• 1000 


PZ(sec) 


18700 


18700 


PM (ni//kg • e-caprdaclam • sec) 


2.2 


2.7 


VB (ppm) 


3.2 


3.3 


Ammonium sulfate quality 


17 


23 



From Table 3, it is evident that even when using a highly pure cyclohexanone as a starting material, if methylcy- 
clopentanones are present even in a minor amount in the cyclohexanone, the methylcyclopentanones adversely affect 
the quality of c-caprolactam. particularly the ammonium sulfate quality. 

EXAMPLE 4 

The operation was carried out in the same manner as in Example 1 except that the purified cyclohexanol obtained 
in step (2) was further purified to a purity of at least 99.99% by a tower with 30 plates and then subjected to dehydro- 
genation, and commercially available cyclopentane carboaldehyde was added thereto so that the concentration of 
cyclopentane carboaldehyde became 250 ppm. The results are shown in Table 4. 

EXAMPLE 5 

The operation was carried out in the same manner as in Example 4 except that the concentration of cydopentacar- 
boaldehyde in the cyclohexanone was adjusted to 350 ppm. The results are shown in Table 4. 



Table 4 





Exanrple 4 


Example 5 


Cyclopentane carboaldehyde contained in the cyclohexanone (ppm) 


250 


350 


PZ (sec) 


18400 


18400 


PM {miJkg • e-caproiactam • sec) 


3.2 


1.9 


VB(ppm) 


3.1 


10.7 



From Table 4. it is evident that cyclopentane carboaldehyde in the cyclohexanone adversely affects the quality of e- 
caprolactam. particularly VB. 

EXAMPLES 

(1) Hydration reaction of cyclohexene 

Into an autoclave equipped with a stirrer, gallium silicate (atomic ratio of Si/Ga = 25/1) as the catalyst, 15 parts by 
weight of cyclohexene, 30 parts by weight of water and 10 parts by weight of a hydration reaction catalyst were intro- 
duced and reacted in a nitrogen atmo^here at 120°C for one hour to obtain a cyclohexanol mixture. This cyclohexanol 
mixture contained 350 ppm of methytcyclopentanots to the cyclohexanol. The yield of cyclohexanol was 10.8%. 

(2) Purification of cyclohexanol 



The obtained cyclohexanol mixture was purified by a rectifying tower with 1 0 plates. This purified cyclohexanol con- 
tained 50 ppm of methylcyclopentanols. 
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(3) Dehydroaenation reaction of cyclohexanol 

The purified cyclohexanol was vaporized and supplied to a tubular reactor packed with a copper oxide-zinc oxide 
catalyst set at 250''C under a reaction pressure of 0.1 7 MPa at QHSV (gas space velocity) of 2.4 hr'^ to conduct the 
5 dehydrogenation reaction to separate and obtain cyclohexanone. The yield of cyclohexanone was 60% and contained 
80 ppm of methylcyclopentanones. 

(4) Production of cyclohexanone oxime 

10 In a jacketed agitation tank, a 45% hydroxylamine sulfate aqueous solution was maintained at SS^C, and the above 
cyclohexanone was dropwise added thereto. At that time, aqueous ammonia was simultaneously dropwise added so 
that the pH of the reaction solution became from 4.0 to 4.5. After completion of the dropwise addition of cyclohexanone. 
an excess 45% hydroxylamine sulfate aqueous solution was further added and stirred for 30 minutes to complete the 
reaction. After being left to stand still, the oil phase was collected as cyclohexanone oxime. Water contained In the 

15 cyclohexanone oxime was removed under reduced pressure. 

(5) Beckmann rearran oement reaction 

Into a jacketed agitation tank, the above cyclohexanone oxime and 25% fuming sulfuric acid were supplied so that 
20 the acidity of the Beckmann rearrangement solution became 57%, the free SO3 concentration became 7.5%, and the 
residence time became 1 hour and stirred and cooled so that the reaction temperature became from 80 to 85''C to con- 
duct the Beckmann rean'angement reaction. The obtained Beckmann rearrangement solution was neutralized at a tem- 
perature of 70''C with aqueous ammonia to a pH of from 7.0 to 7.5. Then, the neutralized Beckmann reanrangement 
solution was extracted with benzene in an amount such that the concentration of e-caprolactam would be 18 wt% when 
25 the entire amount of the cyclohexanone oxime was assumed to have rearranged to c-caprolactam. The extraction was 
carried out by introducing the neutralized solution and benzene into a separating funnel, shaking them for 10 minutes 
and then leaving them to stand still for 5 minutes, whereupon the oil phase was collected. The aqueous phase was fur- 
ther extracted twice with benzene. Then, a proper amount of sodium hydroxide was added to the obtained e-caprol- 
actam/benzene liquid, and benzene was distilled off under reduced pressure to obtain crude lactam. 
30 Finally, crude lactam was purified by distillation. Distillation was carried out in such a manner that after adding a 
proper amount of 25% sodium hydroxide to the crude lactam, an initial fraction of 10 wt%, a main fraction of 80 wt% and 
bottoms of 1 0 wt% were collected as three separate portions, and the main fraction was subjected to the quality evalu- 
ation as the E-caprolactam product. The results are shown in Table 5. 

35 COMPARATIVE EXAMPLE 5 

The operation was can'ied out in the same manner as in Example 6 except that in the purification of cyclohexanol 
in Example 6, the distillation was changed to simple distillation. Cyclopentanols in the cyclohexanol subjected to the 
dehydrogenation reaction were 300 ppm, and methylcyclopentanones in the cyclohexanone subjected to the oxime- 
40 forming reaction were 450 ppm. The results are shown in Table 5. 

EXAMPLE 7 

The operation was carried out in the same manner as in Example 6 except that 100 ppm of methylcyclopentanols 
45 were added to the purified cyclohexanol so that the content of methylcyclopentanols to the cyclohexanol in the 
cyclohexanol was 150 ppm. Here, methylcyclopentanones in the cyclohexanone subjected to the oxime-fbrming reac- 
tion were 220 ppm. The results are shown in Table 5. 

COMPARATIVE EXAMPLE 6 

so 

The operation was carried out in the same manner as in Example 6 except that 200 ppm of methylcyclopentanols 
were added to the purified cyclohexanol so that methylcyclopentanols in the cyclohexanol became 250 ppm. At that 
time, methylcyclopentanones in the cyclohexanone subjected to the oxime-fbrming reaction was 410 ppm. The results 
are shown in Table 5. 
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Tables 





Example 6 


Example? 


Comparative Example 5 


Comparative Example 6 


Methylcyclopentanones con- 
tained in the cydohexanone 

(ppm) 


80 


220 


450 


410 


Methyicyclopetanols contained 
in the cyclohexanol (ppm) 


50 


150 


300 


250 


PZ{sec) 


11700 


8900 


3800 


5400 


PM {mi/kg • e-caprotactam • 
sec) 


2.8 


5.0 


9.1 


7.8 


VB(ppm) 


5 


10 


23 


19 



From Table 5. it is evident that methylcyclopentanols in the cyclohexanol adversely affect the quality of e-caprol- 
20 actam. 

INDUSTRIAL APPUCAPIUTY 

According to the method of the present invention, e-caprolactam comparable with the conventional quality can be 
25 produced at a low cost using cyclohexene as the starting material, and the method is useful for the industrial purpose. 

Claims 

1. A method for producing 8-caprolactam, which comprises subjecting cyclohexene to a hydration reaction to obtain 
30 cydohexanot, subjecting the cyclohexanol to a dehydrogenation reaction to obtain cydohexanone, subjecting the 
cydohexanone to an oxime-forming reaction to obtain cydohexanone oxime, and subjecting the cydohexanone 
oxime to a Beckmann rearrangement reaction to obtain e-caprolactam, wherein methylcydopentanones contained 
in the cydohexanone subjected to the oxime-forming reaction are controlled to be not more than 400 ppm. 

35 2. The method according to Claim 1 . wherein cydopentane carboaldehyde contained in the cydohexanone subjected 
to the oxime-fbrming reaction is controlled to be not more than 50 ppm. 

3. The method according to Claim 1 or 2, wherein methylcyclopentanols contained in the cyclohexanol subjected to 
the dehydrogenation reaction are controlled to be not more than 200 ppm. 

40 

4. The method according to any one of Claims 1 to 3. wherein methylcyclopentanones contained in the cydohex- 
anone siibjected to the oxime-forming reaction are controlled to be not more than 300 ppm. 

5. The method according to any one of Claims 1 to 4. wherein methylcyclopentanols contained in the cyclohexanol 
45 subjected to the dehydrogenation reaction are controlled to be not more than 150 ppm. 

6. The method according to any one of Claims 1 to 5, wherein a solid add catalyst is used in the hydration reaction of 
cydohexane. 

50 7. The method according to any one of Claims 1 to 6, wherein a zeolite catalyst is used in the hydration reaction of 
cydohexane. 

8. The method according to any one of Claims 1 to 7, wherein the oxime-forming reaction is carried out by reacting 
the cydohexanone with hydroxylamine. 

55 

9. The method according to any one of Claims 1 to 8, wherein the cydohexanone oxime is subjected to the Beckmann 
rearrangement reaction in sulfuric acid or fuming sulfuric add to obtain e-caprolactam sulfate. 

10. The method according to any one of Claims 1 to 9. wherein cydohexanol in the cydohexanone supplied to the 
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oxime-fbrming reaction is controlled to be not more than 1 000 ppm. 
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